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(54) [Title of the Invention] METHOD OF PRODUONG SUPERFINE GRAIN 
FERRTTIC TEXTURE STEEL 
(57) [Summary] 
[Object] 

To easily provide superfine grain ferritic texture steel having a ferritic grain size of 
0.7 iim or less. 
[Solving Means] 

Multi-pass rolling of 50% or more of the whole is performed in a temperature 
region of 570°C or below in which the ferrite is not recrystallized, and subsequently, 
rolling is performed within the final two passes in a temperature region higher than this and 
in which the ferrite is dynamically recrystallized. 
[Claims] 

[Claim 1] A method of producing superfine grain ferritic texture steel characterized 
by including the step of performing multi-pass rolling of 50% or more of the whole in a 
tenq>erature region in which the ferrite is not recrystallized, and subsequently performing 
rolling within two passes in a temperature region in which the ferrite is dynamically 
recrystallized. 

[Claim 2] A method of producing superfine grain ferritic texture steel characterized 
by heating a steel to 900^C or higher, performing multi-pass rolling of 30% or more at a 
tenq)erature higher than the Arl point, and subsequently performing the rolling of claim 1. 

[Claim 3] The method of producing superfine grain ferritic texture steel according 
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to claim 1 or 2, characterized by performing rolling that is accompanied by deformation in 
which the sanq>le cross section shape during the rolling is other than a similar shape, with 
the use of a multi-pass bore-type rolling machine. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention Pertains] 

The invention of this application relates to a steel product, and more particularly to 
a method of producing a steel material being highly strong, highly tough, excellent in 
weldability, and made mainly of a ferritic texture with uniform grains with a grain size of 
0.7 \im or less. 
[0002] 

[Prior Art and Problems thereof to be Solved] 

Conventionally, it is known that aiming at reducing the ferrite crystal grain size in 
a low-carbon steel is a good means for improving the strength of the steel and improving 
the toughness. 
[0003] 

Also, it is known that, in order to increase the strength of a steel to be double or 
more, the ferritic crystal grain size must be 0.7 ^m or less. Conventionally, however, it 
was extremely difficult to obtain a superfine grain ferritic crystal grain bulk material of 0.7 
^m or less. 
[0004] 

Under these circumstances, methods of improvement for reducing the ferritic grain 




size have been devised. For example, there have been proposed a mechanical milling 
method such as shown in CAMP-ISTJ, Vol. 1 1(1998), p. 1035 by which rigid balls and 
material steel powder are put into a rotating pot such as shown in the magazine of the Japan 
Institute of Metals, Vol. 57, No. 3(1993), p. 254 to strongly process and solidify the 
powder for molding, a repeated lap joining roUing (ARB) method by which a steel is 
subjected to repetition of rolling, cutting into halves, and superposing them for further 
rolling, an ECAP method by which steel is let to pass through an L-shaped mold to 
intentionally introduce a shear strain for making the texture fine such as shown in 
Metallurgical and Materials Transactions A, Vol. 29(1998), p. 2237, and the like. 
[0005] 

However, these techniques raise problems such as the need for time to produce the 
steel or difficulty of mass production, thereby raising a problem of difficulty of use in an 
industrial scale. 
[0006] 

Therefore, an object of the invention of this application is to solve the 
aforementioned problems of the prior art and to provide a novel method of producing a 
steel material excellent in strength and toughness, having a good weldability, and in which 
the whole of the steel is made of superfine ferritic grains of 0.7 ^m or less. 
[0007] 

[Means for Solving the Problems] 

In order to solve the aforementioned problems, the invention of this application 
firstly provides a method of producing superfine grain ferritic texture steel characterized by 
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including the step of performing multi-pass rolling of 50% or more of the whole in a 
temperature region in which the ferrite is not recrystallized, and subsequently performing 
rolling within two passes in a temperature region in which the ferrite is dynamically 
recrystallized. 
[0008] 

Also, the invention of this application secondly provides a method of producing 
superfine grain ferritic texture steel by adding a step of obtaining a fine starting material, 
characterized by heating the steel first to 900°C or higher, performing multi-pass rolling of 
30% or more at a temperature higher than the Arl point, and subsequently performing the 
aforesaid multi-pass rolling of 50% or more of the whole and subsequent rolling within the 
two passes. 
[0009] 

Further, the invention of this application thirdly provides a method of producing 
superfine gradn ferritic texture steel, characterized by performing rolling that is 
accompanied by defonnation in which the sample cross section shape during the rolling is 
other than a similar shape, with the use of a bore-type rolling machine. 
[0010] 

[Detailed Description of the Embodiments] 

The invention of this application has the characteristics exactly mentioned above. 
Embodiments of the invention will be described below. 
[0011] 

First, in the first inventive method of this application, multi-pass rolling of 50% or 
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more is performed on a steel material in a tenq)erature region in which the ferrite is not 
recrystallized. Subsequently, it is heated to a tenq)erature region in which the ferrite is 
dynamically recrystallized, and rolling of one or two passes is performed for dynamic 
recrystallization. By including these steps, a steel material is produced in which the 
whole of the steel is made of a superfine grain ferritic texture with uniform grains of 0.7 



The reason why multi-pass rolling of 50% or more is carried out in a temperature 
region in which the ferrite is not recrystallized is for making and incorporating sources of 
the nuclei necessary for dynamic recrystallization in a later step. By creating more 
sources of the recrystallization nuclei at this stage, the ferrite grain size finally obtained 
will be a finer one. When recrystallization occurs at this stage of multi-pass rolling, the 
obtained ferrite grains are liable to become mixed grains. 



For this reason, in the multi-pass rolling serving as the former step, it is essential 
that the steel material is rolled in a temperature region of 570°C or lower in which the 
ferrite is not recrystallized. A more preferable heating temperature range is 500 to 570°C. 
Then, in the multi-pass rolling, rolling of 50% or more is carried out, more preferably 85% 
or more. 



Also, in the invention of this application, the reason why it is heated to a 
tenq>erature region in which the ferrite is dynamically recrystallized so as to dynamically 



|im or less. 



[0012] 



[0013] 



[0014] 
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recrystallize the processed texture by performing rolling of one or two passes as a later step 
is for causing recrystallization at a time from the aforesaid recrystallization nuclei by 
dynamic recrystallization through rolling of one or two passes to create a superfine ferritic 
grain texture. 
[0015] 

At this time, the final one or two passes must be heated to a high tenQ)erature as 
quickly as possible. For this reason, a heating method such as high-frequency induction 
heating may be employed, or process heat generation accompanying the rolling process can 
be used as well; however, it is easy and effective to adopt a method by process heat 
generation and use the process heat generation within the final one or two passes. The 
reason for this is that, by increasing the substantial area reduction ratio of the final one or 
two passes relative to the other passes, a larger process heat generation occurs, thereby 
enabling dynamic recrystallization. 
[0016] 

Here, the dynamic recrystallization temperature of the ferrite varies in accordance 
with the conq)onents, the processed amount, and the strain rate; however, in a state in 
which nuclei for dynamic recrystallization are prepared in advance, a temperature range of, 
for exanq>le, SSO'^C to Ae is exenq>lified. 
[0017] 

The rolling in a dynamic recrystallization tenq)erature region of ferrite serving as a 
later step is carried out in one or two passes. The reason for this is that, by rolling that 
exceeds two passes, the texture is liable to become mixed grains. Also, the pressing-down 
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ratio of rolling in one or two passes is not particularly limited. 
[0018] 

Then, in the above-described first inventive method of this application, the finer 
the grain size of the object starting steel material is, the better. Therefore, it is effective to 
heat the starting steel material to 900°C or higher in advance to turn the steel into austenite 
and perform multi-pass rolling of 30% or more in a temperature range higher than the Arl 
point. By performing processing above the Arl point, a finer ferritic texture is obtained 
all through the subsequent transformation during the cooling. 
[0019] 

With the processing of less than 30%, reducing the size of the texture after 
transformation is not so effective. Further, in the invention of this application, bore-type 
rolling can be used for the aforesaid rolling. In this case, in particular, by devising the 
bore shape, the texture of the bar material finally obtained can be more isometricized. At 
that time, with regard to the bore shape of the multi-pass rolling, the texture of not only the 
T-cross-section but also the L-cross-section can be isometricized by rolling to accompany 
deformation in which the sample cross section shape during the rolling is other than a 
similar deformation, by successively passing the sample through passes with different bore 
shapes such as a quadrangle or a triangle, or by inserting the sanq)le into a rolling noachine 
while rotating the sample even if the bore shapes are similar. Here, the meaning of the 
statement of "to accompany deformation in which the sample cross section shape during 
the compression is other than a similar deformation, by inserting the sample into a rolling 
machine while rotating the sample even if the bore shapes are similar" refers, for example. 
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to the following processing mode. Namely, in passing a sample having a square cross 
section through a square bore, if the sanq>le is passed by matching the center of the sides of 
the bore with the comers of the sample, the cross section of the sample once becomes an 
octagon during the rolling, and finally becomes a square. This is different from the case 
in which, when the comers of the bore and the sample are matched with each other, the 
sample is compressed and deformed while maintaining the similar shape. Also, the 
"T-cross-section" as herein mentioned refers to the cross section obtained by cutting 
perpendicularly with respect to the longitudinal direction of the bar, and the 
"L-cross-section" refers to the cross section obtained by cutting horizontally. 
[0020] 

The cooling after rolling processing in this invention is not particularly limited; 
however, it is desirable in view of preventing the ferrite grains from becoming coarse to 
cool at a conq)aratively high cooling speed, for exan^le, of 10®C /s or more. 
[0021] 

Further, the kind of the steel material in the invention of this application is not 
strictly limited; however, those having a composition (wt%) shown below, for example, 
can be exemplified as preferable ones. 
[0022] 

C: 0.25 or less. Si: 0.10 to 1.00, Mn: 0.50 to 2.00, P: 0.08 or less, S: 0.010 or less, 
N: 0.010 or less, Al: 0.050 or less, Fe: balance. Of course, it goes without saying that 
mixing of unavoidable impurities from the source material or production steps is allowed. 
[0023] 
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Hereafter, the invention of this application will be described in further detail by 
showing Examples. 
[0024] 
[Examples] 
<Example 1> 

A steel material having a chemical conq>osition (wt%) of CVO.IS, S/0.28, Mn/1.45, 
P/0.005, S/0.0004, Al/0.031, N/0.0016, Fe/balance and having a shape of 1 15 <|> x 500 mm 
was heated to 900°C for one hour, and 9-pass 46% groove roll rolling was carried out in an 
austenite region of 700 to 750**C in which it is austenite at least before the start of the 
processing, and subsequently 20-pass 90% groove roll rolling was carried out in a ferrite 
region of 570 to 600**C. Thereafter, 2-pass strong-processing groove roll rolling (area 
reduction ratio of 50%) in which the rolling temperature became 610*^C by process heat 
generation was carried out, followed by cooling with water. This completed a san^le 
steel nSferial - — - - 

[0025] 

It assumed a processed ferrite texture just before the final two passes, but dynamic 
recrystallization occurred in the final two passes, whereby it assumed a superfine grain 
ferrite crystal (having a grain size of 0.7 |im or less) texture. The obtained steel material 
Al had a hardness of 240 (Hv). Fig. 1 is an electron micrograph that exemplifies this 
texture. 
<Example 2> 

In Example 1, 20-pass 95% groove roll rolling was carried out at a temperature of 
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570 to 55(y*C which is a ferrite region without performing rolling in an austenite region, 
and subsequently 2-pass strong-processing groove roll rolling (area reduction ratio of 60%) 
was carried out at 620°C, followed by cooling with water to obtain a sanq)le steel material 
A2. 
[0026] 

This one had a ferritic grain size of 0.7 jim or less, and the hardness thereof was 
230 (Hv). 

<CoEtq)arative Example 1> 

For comparison, in Example 1, in addition to the final 2-pass 610*'C groove roll 
rolling (50%), 2-pass 610°C groove roll rolling (area reduction ratio of 32%) was further 
carried out, followed by cooling with water to obtain a sample steel noaterial B. 
[0027] 

This steel material B had a ferritic grain size of 1.8 jim in average, and the texture 
thereof was as shown in Fig. 2. The steel material B had a hardness of 180 (Hv). 
[0028] 

[Effects of the Invention] 

As described above in detail, according to the invention of this application, a 
superfine grain ferritic texture steel having a ferritic grain size of 0.7 ^un or less can be 
easily produced by rolling with controlled temperature. 
[Brief Description of the Drawings] 

[Fig. 1] is an electron micrograph that substitutes for a drawing that exemplifies a texture 
of a steel material Al of Example 1 . 
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[Fig. 2] is an electron micrograph that substitutes for a drawing that exemplifies a texture 
of a steel material B of Comparative Example 1. 

[Fig. 3] is an electron micrograph that substitutes for a drawing that exemplifies a texture 
of a steel material C of Conq)arative Exanq>le 2. 



11 



(19) H*H4flf/r (JP) 



i|#M2001 -234239 
(PZ001-234239A) 
(43)^nB ^^13¥8^28B(2001.8.28) 



©DlntCL' 
C2 ID 
B2 IB 

C2 ID 
// C 2 2 C 



8/00 
1/16 
3/00 
8/06 
38/00 



3 0 1 



F I 

C 2 I D 8/00 
B 2 1 B 1/16 
3/00 

C 2 1 D 8/08 
C2 2C 38/00 

»*JScoj8c3 OL 4 K) stm\zm< 



B 4E0 0 2 
B 4K032 
D 
A 

3 0 IB 





^R2000-4g633( P2000-«633) 


(TDlflIHA 


301023238 










(22)mSB 


^^12^ 2 ^25 B (2000. 2. 25) 




mm-D<itm^-rm 2s i ^ 






(TDWBA 


000001258 
















«f fjti&lt^Bra 1 TB 1 S28 














(72)56W# 










3?*S»o<«rS=faiTB2#l# 
















100093230 


















(54) [%ma>«»] 










(2) 



^mzO 01-234239 



a, 

[lt*«2] Si$9 0 0''CJil±IC*nS?ftL. A r I^J: 

*f=ii2a)iB««B)ia7i'5'f h<a 

[0 00 1] 

ML. $e>(::PL<l±. ^^ST-. S^ttT?. 

[0 0 0 2] 

[0 0 0 3] -tLT. S9CD^«* 2<&)il±lc-ri.fc*lc 
■SC4:^<^^]^)4^Tt^-5o LA^L'ti:*<t>. O. 
■5 c t lil^^lcait-C 35 ofco 

[0004] C<©J:a<i:ttjH«=*Jt^-C, ^'x^'f KDti 

y=i:ilis S*^Si^^l*. m5 7#S3-§- (19 9 
3) p. 2 5 4l-^$+l-CL^'SJ:3^flHlfe-r'55i^*V Kro 

fiEJ^-r-S, CAMP-ISTJ. Vol. 11 (1998) p. 1035 lc^^;h,T 

«iySLSte«^tt® (ARB) ^Ai. METALLURJICAL 
AND MATERIALS TRANS ACTIONS A. Vol. 29 (1998) p. 2237 

Mmmizmmm^im^^ Lm^i^mit-ri>E c a 

[0 0 0 5] Lfr^LUh. Z^i(D^mitm<D^'ik\Z^ 
m^A^ii^^ C <i: -V>. L^I4:*;S±MlA<Slt-C35>i.'Jf f 

[0 0 0 6] ^-CT'. C(DailM0)f§B.BI4. ±IS(7)<!:fcy 



■r-SCi:^^H^:LrL^*. 

L^. ?*JL^t?2/^XJilF*)t?-7x^-f hA^illMIIJSSi^-SS 

[0 0 0 8] ^fc. zommmmmt. m2icii. mm 
^i:tbSi«*4$»-Sfc«)a)xsSi&*nL. ife-ra*9 0 0 

*teia±|CjDl»U. A r 1^J:y?SESI=-C3 0%ia±a)^ 
/^XHS^ffL^. ^-ro^lcMISLfc^S 0%Jil±<D^/1 
xmS. St/Ctvl-^< 2/^XJill#ja>tta*fT^wi:$ 

i$a&-rsj@{K«g%7x7'r hiat»«a>ss^^$a^ 

[0 0 0 9] $^i-, coajMojfgB^i*. msicii, 5a: 
o>3&j&s#7ES*ff 5 c t -rsiawaBii:? x 

[0 0 10] 

[fg^roHJEcDj^ffi] c<Di±jBi<o*igi*±i3<ot33ya> 

[0 0 1 1 ] ^-Ts ccDUiiloiei (D*aJ^J^lcfc^,^r 
l±. il*tS:7x5-< hA<S^SL!ti:t^ia««liE-^5 0% 

•5;:asfiJai=*nf?ftL. i JSLxL2/^xa>iis^iT 
m±m^o. 7 ^/mJUTtDSia-efcssfasfflia^x 

[0 0 1 2] yji^^ hi)<nm¥aLtj:l^}^&mi^V50 

MsiKsicje^s^f^roTcS flF y a^T'tj < fcAT'fcs. 
crospgT? J: y * < a)ii«sa«a>7csiii«-r « c t 
ya$iMic#p>*T,s7x7-< h*asi*j:y«fc$ffl<ft(D(= 

14. f#c,^t.57x^-f hiagi*jiiaiw'S:y-v>-rt^. 

[0 0 1 3] zmtztb. ffiXSt LTOT^/^XES-C 
14. 5 7 O'CKlTO^x^-f hA<??^SL^CLMg 

jSMJitT*ii5i-r c i: A<^5:A^■t^■^ct^o * y ll^^js* 

;SSa)®ffli4. 5 0 0~57 0*C^fcSi -5-L-c, 
XE5£t?l45 0%iU±<0IISt-r-S*<. J:y»*L<l4 

[0 0 1 4] ca)tiJSi<Dfliair*Sl,xT. ^xst 

LT. zfji3-( hiimt^M^^-r^^&mmzmmL. 
1 ~ 2/^x<DE®*^Tor^l^x^fl8^$ljlMsell^■t^■s 

Ci(DSil4. 1 -«'2/<X(DE®r'i!)fl«jS!KS*-a-i)C 

tr-. mti<oM^^o)^t)-^<i>-&izmf^^^isz^i±m 



(3) 



2001-234239 



[0 0 1 5 3 ccot^. a$li ~z/<:f.^^}^iz-r?>Mi 
S^S/JuiR^ c w/wBR^iKs^Sm'uT <k t"' L » » « 
J!lDX*gftlC.k^:^5i$SfflL, §*|1~2/^X1?»P 

[0 0 1 63 J&fc. :7x^-< hOBMHSgSaStt. fi£ 

jtlS 5 5 0''C~A e<D;affieHA<^^$+l-5o 
Coo 1 73 ^xst LX(0. :7x^-f KDiSMSi^a 

afi«u*-e<DEaf±i 3S:i^L2/<xfr'6A<. c:*ttt2 
/ <x * fix. -5 EST? i*iait*<;iiftic<c y ■¥>■rt^A^ & -c 

-5, *f=1 ^CL^L2/<;^.•Ca)ffijl<DET*l=OL^TI*^ 

[0 0 1 83-f-L-c, c(DtB)Siroja±a>tfcya)*i <D 

I*. ^aiffflT'fe^^l^«l[Si•efe■5l^i:S.L^. •€-c-e. fep>3!)^ 

i:«)migSi*t*9 0 0iCJa-hlcijDi»L:*— X-x:^-f h<b 

A r 1 j!5*yat^as«sH-e3o%Ei±fl)^/«xs 
ffi^tT^ci:*<*S()T?fc5. A r 1 ^w±•cSnx^^T■5 

[-0-0 J_9-3-3 OM^M<D}iaj::c.lt.-mBm<f>tl&m&M 
•SIM*. :A:j^tti*fflftu&t:'fe-3TtltS4^iHil£$-i±Ttt 

}KWna>^»^*^^5J:5lcIEa-r'5CtlcJ;y. TBf® 

fc*it-i?JSi:<. Lmm<Dmm=tmmt^^ztt><-5im-c'& 

#:*lRll=«LrSlt(c«IBTLfcBfffi-Cfcy. TlBtHj 
t li7K¥l::«ISf LfcfrS ^ o 
[0 0 2 03 C<D|g?BT-(7)IESJ!lDXS(D,^ail*^l-KS 



^F*t^d:t^*<. 1 o^/sJU±a)lk«6«l^$L^^*alit 

[002 1 J Ci^mSSw^?ii^«S!>'~'9mT^<^a 

[O O 2 23 C : O. 2 
S i : O. 1 0~ 1 . O O 
Mn : O. 5 0~2. 00 
P : O. O SUIT 
S : O. 0 1 OISIT 
N : O. 0 1 O&lT 
A I : O. 0 5 OKIT 
F e : BISH 

iii44-\>iiitx8A'&<07prsfi«i7$i>«!ia};:g7. 

[0 0 2 33 EIT. ^J615iJ$*L. CKOfflliO^^HlCO 
[O O 2 43 

[*iifi«!i3 <siififiy 1 >4b!^*aj« (sa%) 36<c/o. 

15. S/0. 2 8. Mn/1 . 4 5, P/0. O 0 
5. S/0. 0004. AI/0. 031. N/0. O 
0 16. Fe/«gp-TffcoT. -ttOJ^tRj&^l 1 5* X 5 
O Omma)i9tt^ 9 O 0°CIC 1 hjDSSJL. 'PU< t^tO 

7 O 0~7 5 0°C-e9/^X4 6%^P— iUffiSL. 
-e 7 x3 rif-kJa© 5 J7„0.^6,O.OiC--C.2-0 /J« X-9-0-%(D„ 
JSn-;uESL. ^-CD^. ttlXf|gaT?liS;aSA<6 1 O 
°Ci:<fS2/^X<D^*nxjto— yum (M®^5 0%) 

[0 0 2 53 S*l(O2/<XiSStI*f=l**0X:7x^'r hiffl 

^-efcofc*<. ai§2/'?x-e«j6<}Siea*tecy. ism 
$111^7 1 ^-f hies (iaso. 7«mjaT) mutu 

r>tz, 4Se>*l.fca*tA 1 <D®$I*2 4 O (Hv) "Cfco 

<llli£ClJ2>^J£Wl ICfcl,^T. :t-—:^7-±'< hi^t^O) 
ffSSff^^flC. 7x5-f h«(D5 7 O'-S 5 O-CroS 
g-e. 2 0/^X9 5%<7),^n— jmSL. ^-(0^6 2 0 
"C-C. 2/<X(D3il)QX,^P— (3as^6 0%) * 

[0 0 2 63 CCD^jaXO-^x^-f f-tSai40. 7 um&i 
TT?fey. •tro?i$l*2 3 0 (Hv) X'^-otzo 

<tfc«tfi>ji >tt;^a)fc«)(c. sijte^ji lc^3t^-c. s«S2 
/<X6 1 o-c^n— yi^aa (50%) izmxx. ^^iz 
2/^X6 1 o'c^n— ;uEEa (5^®^3 2%) ^ffiv 

[0 0 2 73 Ca)S8«B<D7x^-f hiai*. ¥i9l. 8 



(4) 



i^iaa 001-234239 



tzo ^tz. S?«B<D«I*I*1 8 0 (Hv) -efcofr. 
[0 0 2 8] 

[132] 



[BI3] 



(51) Int. CI. 7 

C 2 2 C 38/06 



!aiSiJIB# 



F I 

C 2 2 C 38/06 



mm^m mm asr 

miAm-o < itm=f-m i t a 2 s i ^ 

(72)I6P« mm 



3?«mo<«f!iTsiTa2Si-^ 

F^(— 4E002 AA07 AC12 AC14 BB01 BB06 
BC01 BC07 BD09 CA11 C601 
4K032 AA04 AA05 AA16 AA17 AA21 
AA27 AA29 AA31 AA32 BA02 
CA01 CA02 CA03 CB02 CC01 
CC02 CD03 



Best Available Copy 



